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𝐶𝑂𝑃𝐿 =  𝑃𝑖 −  (
(100 − 𝑃𝑖) 𝑥 𝑃𝑚𝑐
100 −  𝑃𝑚𝑐
)





















































































































































































𝛿18𝑂 =  ((
𝑅𝑠𝑎𝑚𝑝𝑙𝑒
𝑅𝑠𝑡𝑑.


















1000 lnα(𝑐𝑎𝑙𝑐𝑖𝑡𝑒−𝑤𝑎𝑡𝑒𝑟) =  2.78 (10
6 𝑇−2)  − 3.39
1000 lnα(𝑑𝑜𝑙𝑜𝑚𝑖𝑡𝑒−𝑤𝑎𝑡𝑒𝑟) =  2.73 (10
6 𝑇−2) + 0.26
𝛼𝐴−𝐵 =  
1 + 𝛿𝐴 / 1000
1 +  𝛿𝐵/ 1000
=  
1000 +  𝛿𝐴
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Appendix 1  
Detailed facies descriptions. From Simenson (2010). 
Facies B: Bioturbated, Argillaceous, Calcareous, Very Fine-Grained Siltstone/Sandstone. 
  
Facies B consists of bioturbated, argillaceous, calcareous sandstones and siltstones. Strong bioturbation 
makes identification of many trace fossils difficult but some common Helminthopsis/Sclarituba burrow 
traces have been identified. Some calcite filled vertical fractures are present and local calcareous 
concretions are found within the facies. Intergranular and micro-fracture porosity are present with 
calcite cement and some pyrite cement. The facies shows up on wireline logs as a thick section of shaly 
sand. Core porosity values for this interval range from 2.2% - 9.8% and average 5.7%. Permeability 
values range from 0.0001 mD – 0.03 mD and average 0.0015 mD. The porosity values are favourable 
for a target zone but because of the homogeneous nature of this highly bioturbated section 
permeability measurements are extremely low.  
 
Facies C: Planar to Undulose Laminated, Shaly, Very Fine-Grained Siltstone/Sandstone. 
  
Facies C1 mainly consists of finely laminated shaly sandstone and siltstone. These laminations are on 
the millimeter and centimeter scale. There are some wavy laminated sections which could possibly be 
microbial influence (or colonization) of the sediment; however the section is dominated by continuous 
planar laminations. Intergranular and minimal amounts of inter-crystaline porosity are present. On well 
logs this interval is identified by convergence of the neutron porosity and density porosity curves and 
by clean (low) gamma ray readings. Core porosity values for this interval range from 2.5% - 10.3% and 
average 6.3%. Permeability values range from 0.0001 mD – 0.01 mD and average 0.0026 mD.  
  
Facies D1: Contorted to Massive, Fine-Grained Sandstone. 
  
Facies D1 consists of a muddy, contorted to massive, fine-grained sandstone that has common micro-
faults, micro-fractures, and slumps representing soft sediment deformation. Some localized microbial 
influenced (or colonized) sections have been found in this facies. On well logs, this facies appears just 
below the cleanest gamma ray readings of facies D2 but are still cleaner than the underlying facies C2.  
Core porosity values range from 2.0% - 2.6%, averaging 2.3%. Permeability in this facies ranges from 
0.0003 mD – 0.0012 mD and average 0.0008 mD.  
 
Facies D2: Low Angle, Planar to Slightly Undulose, Cross-Laminated Sandstone with Thin Discontinuous 
Shale Laminations. 
  
Facies D2 consists of a light brown to light grey, parallel to undulating laminated, low angle cross-
laminated sandstone. This facies lacks bioturbation and can be highly cemented by calcite. Some calcite 
filled fractures are also present. This facies is present in only four of the cores described. Intergranular 
porosity is abundant with calcite as the dominant cement. This facies has the cleanest signature on the 
gamma ray reading from wireline logs (it has been called the “clean bench”) and the neutron and 
density come together. Core porosity values range from 2.5% - 12.8%, averaging 4.3% and permeability 
ranges from 0.0001 mD – 0.055 mD, averaging 0.0042 mD. This facies is considered to be included as a 
target interval for horizontal drilling in the Bakken but is mostly absent in the Parshall Field area.  
 
Facies E: Finely Inter-Laminated, Bioturbated, Dolomitic-Mudstone and Dolomitic Siltstone/Sandstone. 
  
Facies E consists of an interbedded dark grey, highly bioturbated siltstone, and light grey, very fine 
grained, thin parallel laminated sandstone. Locally strong and moderate bioturbation and microbial 
influence of the sediment is present. At the base of this facies there is a thin organic-rich mudstone 
which can be clearly seen on the gamma ray log as a high gamma ray value and a low bulk density.  
Core porosity ranges from 0.5% - 11.3% with an average of 5.7% for this facies. Permeability values 
range from 0.0001 mD – 0.083 mD and has an average permeability of 0.0062 mD. This interval is the 




Appendix 2  
Lithology log of the Charlie Sorenson core log (Hart, 2014 pers. comm., 15th January). 













Appendix 3  
Details of samples of this study from the Charlie Sorensen well. 
255 
Appendix 4  
Visual estimates of mineral abundances, estimated by transmitted light microscopy.  
256 
Appendix 5  
SEM-WDS analysis of carbonate standards. 
257 
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Appendix 6  
Pore throat size distributions of samples of the upper and lower Bakken shale. 
Obtained by mercury intrusion porosimetry (MICP. 
259 
Appendix 7 
Table of bulk carbon and oxygen isotope data collected by sequential acid dissolution. 
260 


































































































M.Brodie Session 2015.Oct.5 (10 µm spot-size)
a. 
b. 
where: ‘bias*max’ ‘k’ 
and ‘n’ are Hill 
function shape 
parameters and where 






Appendix 8  
(a) Plot relating the SIMS δ18O bias (‰) to the cation composition of the dolomite–ankerite 
solid solution series [Fe# = Fe/(Mg+Fe)] for a typical calibration using a 10μm diameter spot 
size. The sample matrix effect can be accurately estimated using the Hill equation, which is 
commonly employed to describe relations of ‘concentration’ 
versus ‘measured effect’ type, especially in systems that behave non-linearly and reach 
saturation. (b) Plot of the calibration residual. For most reference materials in the suite, the 
averaged measured value of δ18O bias*(RMUW6220) differs by < 0.3‰ from the value 
predicted by the calibration (depicted by solid lines). Modified from Sliwinski et al., (2015). 




















Backscatter electron image maps of samples analysed by SIMS. Images show the regions 
analysed by SIMS. FOV = 5mm (analysis sweet spot) for all the samples.  
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